Introduction
Arthritis of the TMJ is accompanied by pain and sound during mandibular movement 1) . At the molecular level, these phenomena are characterized by an imbalance between the production and integration of ECM components, mainly collagens, proteoglycans, and link protein 2) . This imbalance causes degradation of newly synthesized ECM components 3) as well as components already integrated into the matrix 4) . Chondrocytes play a central role in maintaining cartilage metabolism. The vitality of articular cartilage can be evaluated based on the capacity of chondrocytes to regulate the biosynthesis and degradation of the ECM.
Cytokines released at the site of inflammation and infection can alter the normal processes of cartilage, resulting in pathologic destruction or formation 5) . Interleukin (IL)-1 is elevated in the synovial fluid of patients with rheumatoid arthritis 6) , where it amplifies and perpetuates inflammation 7) and induces joint destruction 8) . In several studies, an elevated concentration of IL-1β was found in synovial fluid samples from TMJ patients with osteoarthritis and was related to the radiographic signs of TMJ destruction 9, 10, 11) . It has been demonstrated that IL-1β may stimulate cartilage matrix turnover by increasing MMP levels 12) .
It has also been shown that IL-1β suppresses osteoclast formation by increasing osteoprotegerin 13) , and these phenomena result in increased prostaglandin E 2 production 14) .
Fujisawa et al. 15) demonstrated that mechanical stress induces ECM degradation via increasing MMPs and decreasing TIMPs.
Thus, mechanical stress, particularly bruxism, is suggested to be one of the causes of TMJ destruction in vitro 16) .
However, the effect of mechanical stress on chondrocyte-related ECM expression is unclear. Additionally, TMJ destruction is usually accompanied by inflammatory cytokines, mainly IL-1β.
Thus, this study examined the effect of compressive force and IL-1β on the expression of chondrocyte-related genes and proteins (type II collagen, type X collagen, aggrecan core, and link protein), MMPs, and TIMPs. This study also determined the expression of ECM-related growth factors such as bone morphogenetic proteins (BMPs) and their receptors.
Materials and Methods

Cell culture
Chondrocytes derived from normal human femoral cartilage were obtained from Cell Applications (San Diego, CA, USA). in the present study was derived from a previous study 17) . Table 1 ). The realtime PCR primers were referred to previous studies. Real-time PCR was performed with a Smart Cycler II system (Cepheid, Sunnyvale, CA, USA) using 45 cycles of 95°C for 5 s and 55°C
Real
for 10 s, with measurements at the end of a 60°C annealing step.
Results were analyzed using Smart Cycler software (version 1.2d).
All real-time PCR reactions were performed in quadruplicate.
Gene expression levels were calculated and normalized by dividing Chondrocytes were cultured for 24 h under various compressive forces. Gene and protein expression of type II collagen, type X collagen, aggrecan core, and link protein was determined using real-time PCR and ELISA, respectively. Each bar indicates the mean ± S.D. of four separate experiments; * P < 0.05, ** P < 0.01, compressive force-treated versus control.
220 peroxidase-conjugated streptavidin (Gibco). Quadruplicate assays were performed for each sample, and the absorbance at 492 nm was recorded.
The quantitative determination of IL-1β in the culture medium collected from compressive force-treated cells was determined using a commercially available ELISA kit (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. Assays were performed in quadruplicate for each specimen, and the data were converted to pg/mL.
Statistical analysis
All experiments were performed in quadruplicate. Each value Figure 2 . Effect of compressive force and IL-1β on ECM gene expression.
Chondrocytes were cultured for 24 h, and the cells were divided into four groups: control cells, cells treated with 4.8 kPa of compressive force alone, cells treated with 100 U/mL IL-1β alone, and cells treated with 4.8 kPa of compressive force plus 100 U/mL IL-1β. Gene expression of type II collagen, type X collagen, aggrecan core, and link protein was determined using real-time PCR. Each bar indicates the mean ± S.D. of four separate experiments.
a P < 0.05; b P < 0.01, compressive force alone or IL-1β alone or IL-1β + compressive force-treated versus control; c P < 0.05; d P < 0.01, IL-1β alone or IL-1β + compressive force-treated versus compressive force alone; f P < 0.01, IL-1β+ compressive force-treated versus IL-1β alone.
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represents the mean ± standard deviation (SD). Significant differences were determined using Bonferroni's correction of Student's t-test. Differences with p-values < 0.05 or < 0.01 were considered to be significant.
Results
ECM gene and protein expression
The expression of ECM genes in human chondrocytes under compressive force was determined using real-time PCR. No significant difference was found between the glass plate-covered controls and uncovered controls (data not shown); thereafter in this study, we used the round thin glass plate-covered cells as controls. Type II collagen, type X collagen, aggrecan core, and link protein gene expression levels were increased significantly by increasing compressive force (Fig. 1 a-d) . The expression of ECM proteins in the culture medium under compressive force was determined by ELISA. Type II collagen, type X collagen, and aggrecan core protein expression levels were similar to the respective gene expression levels ( Fig. 1 e-g ). By contrast, expression levels in cells treated with 100 U/mL IL-1β were lower than those in compressive force-treated cells and were significantly decreased by compressive force of 4.8 kPa (Fig. 2 a-d) .
MMP and TIMP gene and protein expression
The gene expression levels of MMPs and TIMPs in human chondrocytes under compressive force were determined using realtime PCR. MMP-1, -2, -3, and -13 gene expression was increased significantly by increasing compressive force (Fig. 3 a-d) . The protein expression patterns of MMPs in the culture medium, as determined by ELISA, were similar to the respective gene expression patterns (Fig. 3 e-h ). However, MMP expression in cells treated with 100 U/mL IL-1β was higher than that in control cells. Moreover, this expression in cells treated with 4.8 kPa of compressive force plus 100 U/mL IL-1β was significantly higher than that in control and IL-1β-treated cells (Fig. 4 a-h) . Conversely, TIMP-1, -2, and -3 gene expression levels in cells under compressive force were unchanged at 24 h (Fig. 5 a-c) .
The TIMP protein expression patterns were similar to the gene expression patterns (Fig. 5 e-h ). When 100 U/mL IL-1β were present in the medium with 4.8 kPa of compressive force, TIMP-2 and -3 expression was significantly lower compared with that in control and compressive force-treated cells (Fig. 6 a-c) .
IL-1β gene expression and protein production
IL-1β gene expression in human chondrocytes under 4.8 kPa of compressive force with or without 100 U/mL IL-1β was determined using real-time PCR. IL-1β gene expression was significantly increased by 4.8 kPa of compressive force. In the presence of 100 U/mL IL-1β, the expression was higher than that with compressive force-treatment alone, and the expression was increased further by 4.8 kPa of compressive force (Fig. 7 a) . Chondrocytes were cultured for 24 h under various compressive forces. Gene and protein expression of MMP-1, -2, -3, and -13 was determined using real-time PCR and ELISA, respectively. Each bar indicates the mean ± S.D. of four separate experiments; * P < 0.05, ** P < 0.01, compressive force-treated versus control.
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The amount of IL-1β in the culture medium of compressive force-treated cells was determined by ELISA. IL-1β production of chondrocytes was increased dramatically by the addition of 4.8 kPa of compressive force (Fig. 7 b) .
Effect of IL-1Ra on gene expression of MMPs and ECM proteins
The gene expression of MMPs and ECM proteins in human chondrocytes under 4.8 kPa of compressive force with or without 20 ng/mL IL-1Ra was determined using real-time PCR. MMP-1, -2, -3, and -13 gene expression levels were significantly increased by 4.8 kPa of compressive force alone, but were significantly lower in compressive force-and 20 ng/mL IL-1Ra-treated cells than in compressive force-treated cells (Fig. 8 a-d) . In contrast, ECM gene expression was significantly increased by 4.8 kPa of compressive force and 20 ng/mL IL-1Ra (Fig. 8 e-h) . Type II collagen, type X collagen, and link protein gene expression levels were significantly increased by 4.8 kPa of compressive force alone (Fig. 8 e, f, and h) .
Effect of IL-1β on gene expression of BMPs and BMP receptors
The gene expression of BMPs and their receptors in human chondrocytes under 4.8 kPa of compressive force with or without Chondrocytes were cultured for 24 h, and the cells were divided into four groups: control cells, cells treated with 4.8 kPa of compressive force alone, cells treated with 100 U/mL IL-1β alone, and cells treated with 4.8 kPa of compressive force and 100 U/mL IL-1β. Gene and protein expression of MMP-1, -2, -3, and -13 was determined using real-time PCR and ELISA, respectively. Each bar indicates the mean ± S.D. of four separate experiments. a P < 0.05; b P < 0.01, compressive force alone or IL-1β alone or IL-1β + compressive force-treated versus control; c P < 0.05; d P < 0.01, IL-1β alone or IL-1β + compressive force-treated versus compressive force alone; e P < 0.05; f P < 0.01, IL-1β + compressive force-treated versus IL-1β alone.
223 100 U/mL IL-1β was determined using real-time PCR. Gene expression levels of BMP-2, -4, and -7 as well as BMPR-IA, BMPR-IB, and BMPR-II were significantly increased by 4.8 kPa of compressive force alone (Fig. 9 a-f ). With the addition of 100 U/mL IL-1β, BMP and BMPR gene expression was significantly decreased compared with 4.8 kPa of compressive force alone ( Fig.   9 a-f).
Effect of noggin on gene expression of ECM proteins
The expression of ECM genes in human chondrocytes under Figure 5 . Effect of compressive force on TIMP gene and protein expression. Chondrocytes were cultured for 24 h under various compressive forces. Gene and protein expression of TIMP-1, -2, and -3 was determined using real-time PCR and ELISA, respectively. Each bar indicates the mean ± S.D. of four separate experiments; * P < 0.05, ** P < 0.01, compressive force-treated versus control.
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4.8kPa of compressive force with or without 100 ng/mL noggin was determined using real-time PCR. Noggin significantly decreased the gene expression of type II collagen, type X collagen, aggrecan core, and link protein in 4.8 kPa of compressive forcetreated cells (Fig. 10 a-d) .
Discussion
This study examined the effects of compressive force and IL-1β on the expression of cartilage-related ECM proteins such as type II collagen, type X collagen, aggrecan core, and link protein, and on ECM remodeling-related factors such as MMPs, TIMPs, and BMPs. To confirm participation, at least in part, of an autocrine mechanism via compressive force-induced IL-1β, the effect of compressive force on IL-1β expression was examined in the presence and absence of IL-1Ra. Human chondrocytes were used in this study. A previous study showed that these cells, which represent the common phenotypic proliferating-hypertrophic chondrocytes, strongly express type II collagen, type X collagen, and aggrecan core 18) . The magnitudes of the compressive force used in the present study were 0.3, 0.4, 0.8, 1.6, 3.2, and 4.8 kPa, based on previous experiments 15) . The concentration of IL-1β(100 U/mL) and the experimental period of 24 h were chosen based on previous reports 12, 19, 20) .
Initially, the effect of different magnitudes of compressive force Although ECM protein production was increased by compressive force, it was strongly inhibited by IL-1β. BMP was reported to stimulate ECM synthesis in bone and cartilage 24, 25, 26) .
Compressive force increased the expression of BMPs and their receptors and decreased BMP antagonists in human osteosarcoma Saos-2 cells 17) . In the present study, the gene expression levels of BMP-2, -4, and -7 as well as BMPR-IA, BMPR-IB, and BMPR- Gene expression of MMP-1, -2, -3 and -13 as well as type II collagen, type X collagen, aggrecan core, and link protein was determined using real-time PCR. Each bar indicates the mean ± S.D. of four separate experiments; a P < 0.05; b P < 0.01, compressive force alone or IL-1Ra alone or IL-1Ra + compressive force-treated versus control; c P < 0.05; d P < 0.01, IL-1Ra alone or IL-1Ra + compressive force-treated versus compressive force alone; e P < 0.05; f P < 0.01, IL-1Ra + compressive force-treated versus IL-1Ra alone. Chondrocytes were cultured for 24 h, and the cells were divided into four groups: control cells, cells treated with 4.8 kPa of compressive force alone, cells treated with 100 U/mL IL-1β alone, and cells treated with 4.8 kPa of compressive force and 100 U/mL IL-1β. Gene expression of BMP-2, -4, and -7 as well as BMPR-IA, BMPR-IB, and BMPR-II was determined using real-time PCR. Each bar indicates the mean ± S.D. of four separate experiments; a P < 0.05; b P < 0.01, compressive force alone or IL-1β alone or IL-1β + compressive force-treated versus control; c P < 0.05; d P < 0.01, IL-1β alone or IL-1β + compressive force-treated versus control; e P < 0.05; f P < 0.01, IL-1β + compressive force-treated versus IL-1β alone. Chondrocytes were cultured for 24 h, and the cells were divided into four groups: control cells, cells treated with 4.8 kPa of compressive force alone, cells treated with 100 ng/mL noggin alone, and cells treated with 4.8 kPa of compressive force and 100 ng/mL noggin. Gene expression of type II collagen, type X collagen, aggrecan core, and link protein was determined using real-time PCR. Each bar indicates the mean ± S.D. of four separate experiments; a P < 0.05; b P < 0.01, compressive force alone or noggin alone or noggin + compressive force-treated versus control; c P < 0.05; d P < 0.01, noggin alone or noggin + compressive force-treated versus compressive force alone; e P < 0.05; f P < 0.01, noggin + compressive force-treated versus noggin alone.
